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(57) Abstract 

A high performance solar control glass comprises a glass substrate with a coating comprising a heat absorbing layer and a low 
emisslvity layer of a metal oxide. Preferred heat absorbing layers absorb preferentially at wavelengths above 700 nm, ^^^ y^-^ 
example, of non-stoichiometric or doped tungsten oxide, or of cobalt oxide, chromium oxide, iron oxide or vanadiam oxide. Preferred low 
emissivity layers are of semi-conductor metal oxide, for example doped tin oxide or doped indium oxide, Because of the nature of the 
layers, the coatings may be of neutral colour and be suitable for deposition on-line on the glass ribbon, during the glass production process, 
by pyrolylic methods for example chemical vapour deposition. 
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COATED GLASS 

The invention relates to coated glass, and in particular to high performance solar 
control coated glass. 

There is an increasing demand for solar control glasses, especially high performance 
solar control glasses that exhibit a neutral colour in both reflection and transmission* By 
**high performance" solar control glasses we mean glasses which transmit a significantly 
higher percentage of incident light than of total incident radiation energy (total solar heat). 
Body tinted glasses containing added iron are capable of providing high solar control 
performance, but the iron tends to tint the glass green, and a green tint is not always 
acceptable. Inclusion of further additives, for cxan^le, a combination of selenium and a 
metal oxide such as cobalt oxide, can convert the green tint to a more neutral colour, but 
at the cost of some loss of performance i.e. with an increase in the proportion of incident 
heat : incident light transmitted. Coatings incorporating silver layers in combination with 
appropriate dieletric layers in multilayer stacks can provide high performance solar control 
products, close to neutral in both reflection and transmission, but have significant 
disadvantages. First, suitable silver layers are not susceptible to on-Kne deposition 
methods in which the coating is applied to the hot glass ribbon as it is produced i.e. before 
it is cut and removed from the production line, but are applied by off-line low pressure 
techniques such as magnetron sputtering. Second, such silver coatings have limited 
physical durability requiring careful protection and handling during processing, and 
protection of the coated glass in the final product, for example, by glazing in a multiple 
glaadng unit with the coating facing the airspace of the unit 

It would be desirable to have a coating which would provide a high performance 
solar control glazing without the disadvantages of die silver coatings referred to above, 
and which preferably would have a near neutral colour in reflection and transmission, or at 
least provide an alternative to the green reflection and transmission colours characteristic 
of the high performance body tinted glasses referred to above. 
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According to the present invention there is provided a high performance solar 
control coated glass comprising a glass substrate and a coating comprising a heat 
absorbing layer and a low eraissivity layer comprising a metal compound. 

The invention is illustrated but not limited by the accompanying diagrammatic 
drawings in which:- 

Figure 1 shows a section through a coated glass in accordance with one embodiment 
of the invention. 

Figure 2 shows a section through a coated glass in accordance with a second 
preferred embodiment of the invention. 

Figure 3 shows a section through a double glazing unit incorporating a coated glass 
as illustrated in Figure L 

Referring to Figure U a high performance solar control coated glass 1 comprises a 
glass substrate 1 1, preferably of clear float glass, and a coating 12 comprising a heat 
absorbing layer 14 and a low emissivity layer 13 of a metal compound. 

The embodiment shown in Figure 2 is similar to the embodiment of Figure 1, with a 
coated glass 2 comprising a glass substrate 21, preferably of clear float glass, and a coating 
22. However, coating 22 differs from coating 12 in that it comprises, in addition to heat 
absorbing layer 24 and low emissivity layer 23, an iridescence suppressing underlayer 25 
as further discussed hereinafter. 

Figure 3 illustrates the coated glass pane 1 of Figure 1 assembled in parallel spaced 
relationship witfi a second pane of glazing material 31, typically of clear float glass, tiie 
panes being spaced apart and sealed togetiier by spacing and sealing system 32, to form 
double glazing unit 3 having airspace 33. The coating 12 faces tiie airspace 33 of tiie unit 

To enhance the performance, it is desirable that the heat absorbing layer of the 
coating absorbs preferentially at wavelengths above 700 nm; preferably, it is substantially 
non-absorbing in the visible region of the spectrum. The heat absorbing layer may be a 
substantially transparent conductive oxide layer, with tungsten oxide bemg preferred in 
view of tiie characteristic absorption peak it exhibits around 900 nm* 

Tungsten oxide exists in botii conductive and dielectric fomds. Stoichiometric 
tungsten oxide, WO3, is a dielectric, being substantially non-absorbing in the near infra red. 
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Non-stoichiometric tungsten oxide, WOs-xt where x is typically up to about 0.03 
(preferably in the range 0.005 to 0.025), and doped tungsten oxide, containing an 
appropriate dopant of different valency, for example, hydrogen, fluorine, an alkali metal, 
copper, silver or gold are conductive and suitable for use in the practice of the present 
invention. 

A tungsten oxide layer used as a heat absorbing layer may be crystalline or 
amorphous. If crystalline, it is generally preferred to avoid too large a ctystal size as large 
crystals are liable to result in the appearance of haze. 

Other heat absorbing materials which may be used to form the heat absorbing layer 
include other coloured transition metal oxides such as chromium oxide, cobalt oxide, iron 
oxide, molybdenum oxide, niobium oxide and vanadium oxide; mixtures of such metal 
oxides may also be used. 

The heat absorbing layer will normally have a thickness in the range 50 nm to 500 
nm, especially 80 nm to 200 nm. 

The low emissivity layer is a layer of a metal compound, normally a metal oxide (as 
other low emissivity compounds such as metal nitrides and metal silicides tend to have 
lower light transmissions), and a transparent semiconductor, for example, a doped indium, 
tin or anc oxide. Preferred materials include tin doped indium oxide and fluorine doped 
tin oxide. The low emissivity layer will normally have a thickness in the range 100 nm to 
600 nm (as use of a thicker layer is likely to result in an unnecessary reduction in light 
transmission without sufficient reduction in emissivity to compensate), especially a 
thickness in the range 200 nm to 500 nm . The low emissivity layer may have an 
emissivity of less than 0.4 (the numerical values of emissivity referred to in this description 
and the accompanying claims are values of normal emissivity, measured in accordance 
with ISO 10292 : 1994, Annex A), although it is preferred to use a low emissivity layer 
which provides an emissivity of 0.2 or less. 

The low emissivity layer of the coating will normally overlie the heat absorbing 
layer, with the solar control glass glazed with the coatmg facing towards the interior of the 
glazed space (usually, but not necessarily, a building). 
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Use of thin films, as in ihe present invention, may result in the appearance of 
interference colours and iridescence. To avoid or at least alleviate undesirable colour 
lesulting from interference effects, a colour suppressing underlayer (which may itself be a 
combination of sub-layers) may be applied to the glass prior to deposition of the heat 
absorbing and low emissivity layers. Th& composition and deposition of such iridescence 
suppressing underlayers is de^^ribed in prior published patents including GB 2 031 7S6B, 
UK 2 115 31SB and EP 0 275 662B. Thus, according to a preferred aspect of the 
invention, an iridescence suppressing layer or layers is incorporated under die coating 
comprising a heat absorbing layer and a low emissivity layer. 

An additional layer may be incorporated over the coating, for example as an anti- 
reflection layer, but the use of such overlayers may lead to a loss of die low emissivity 
properties i.e. an increase in emissivity, and is not usually preferred. 

The heat absorbing layer and low emissivity layer of the present invention may be 
deposited by known techniques, for example by sputtering, including reactive sputtering, 
or by chemical vapour deposition. Indeed, it is an important advantage of tiie invention 
that botii the above layers are susceptible to deposition by chemical vapour deposition 
techniques providing for tfie possibility of applying die coating to the hot ribbon of glass 
during die glass production process. Methods of depositing heat absorbing layers by 
chemical vapour deposition are described, for example, in EP 0 523 877 Al and 
EP 0 546 669 Bl, while methods of depositing metal oxide low emissivity layers by 
chemical vapour deposition are described, for example, in GB 2 026 454B and 
EP0 365 239B. 

TTie invention is illustrated but not limited by die following Examples. In the 
Examples, as in the remainder of the description and claims, the visible light transmissions 
stated are measured using lUuminant C. The total solar heat transmissions stated are 
determined by weighting witii a solar spectral iixadiance function (ASTM E87-891) which 
represents die direct normal radiation incident on a surface at 37** northern latitude (air 
mass 1.5). 
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EXAMPLE 1 

An iridescence suppressing underlayer, comprising silicon, carbon and oxygen, 
haying a thickness of 65 nm and a refractive index of about L7 was applied to a ribbon of 
Smrn clear float glass as described in EP 0 275 662B. 

A glass pane cut from the.ribbon was overcoated by conventional reactive 
magnetron dc sputtering over the underlayer with a heat absorbing tungsten oxide layer 
about 100 nm thick doped vrfth hydrogen to provide an absorption peak of 70% at a 
wavelength of 910 nm (when measured on clear 3 mm float glass in the absence of an 
underlayer). 

An indium tin oxide layer about 265 nm thick, serving as a low emissivity layer and 
exhibiting an electrical resistivity of 4 x 10"* ohms centimetres, was deposited over the 
tungsten oxide layer by conventional reactive magnetron dc sputtering using an indium tin 
target containing 10 atomic percent tin. Such an indium tin oxide layer has an emissivity 
of about 0.08- 

The resulting coated glass pane had the following properties: 

Visible light transmission 70.4% 
Total solar heat transmission 55,9% 
On incorporation of the coated pane into a double glazing unit with a 3 mm pane of 
uncoated clear float glass and an air space of 12 nun, and with the coating towards the air 
space, the resulting unit would have a visible light transmission of 64% and a total solar 
heat transmission of 44%, and exhibit the following reflection and transmission colours 
under illumination (Illuminant C): 





a* 


b* 


L* 


Reflection 


-5.2 


-5.1 


46 


Transmission 


-2.9 


1.2 


84 



EXAMPLE 2 

An iridescence suppressing underlayer system, comprising an initial layer of undoped 
tin oxide 25 nm tfiicic and a layer of silica 25 nm thick was applied to a ribbon of clear 
float glass 3 mm thick. 
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A glass pane cut from the ribbon was overcoated by conventional reactive 
magnetron dc sputtering over the underlayer with a heat absorbing tungsten oxide layer 
doped with lithium about 420 nm thick to provide an absorption peak of 70% at a 
wavelength of 910 nm (when measured on clear 3 mm float glass in the absence of an 
underlayer)* 

An indium tin oxide layer about 85 nm thick, serving as a low emissivity layer and 
exhibiting an electrical resistivity of 4 x 10^ ohms centimetres was deposited over the 
tungsten oxide layer by conventional reactive magnetron dc sputtering using an indium tin 
target containing 10 atomic percent tin. 

The resulting coated glass pane had the following properties: 
Visible light transmision 69% 
Total solar heat transmission 54% 

On incorporation of the coated pane in to a double glazing unit with a 3 mm pane of 
uncoated clear float glass and an air space of 12 mm, and with the coating toward the air 
space, the resulting unit would have a visible light transmission of 63% and a total solar 
heat transmission of 41% and exhibit the following reflection and transmission colours 
under illumination (Illuminant C): 





a* 


b* 


L* 


Reflection 


-3.6 


-3.3 


90 


Transmission 


-9.3 


5.1 


84 



EXAMPI.E3 

An iridescence suppressing underlayer as described in Example 2 was applied to a 
ribbon of float glass 3 mm thick. 

A glass pane cut from the ribbon was overcoated with a heat absorbing non- 
stoichiometric tungsten oxide layer about 104 nm thick by magnetron dc sputtering from 
an oxide target The oxidation state of the tungsten in the tungsten oxide was determined 
to correspond to a tungsten oxide of formula WO2.98. 



wo 98/11031 



PCT/GB97/02433 



7 

An indium tin oxide layer about 270 nm thick, serving as a low emissivity layer, was 
deposited over the tungsten oxide layer by conventional reactive magnetron dc sputtering 
using an indium tin target containing 10 atomic percent tin. 

On incorporation of the coated pane in a double glazing unit with a 3 mm pane of 
uncoated clear float glass and an air space of 12.5 mm and with the coating towards the air 
space, the resulting unit would have a visible light transmission of 66% and a total solar 
heat transmission of 46% and exhibit the following reflection and transmission colours 
under illumination (Illuminant C): 





a* 


b* 


L* 


Reflection 


-7.7 


2.25 


49 


Transmission 


1.9 


0.61 


85 



PXAMPLP3 4>9 

In each of this series of Examples, the optical properties of coated 3 mm clear float 
glass, and of a double glazing unit comprising a pane of the coated glass and a pane of 3 
mm uncoated clear float glass with an air space of 12.5 mm and the coating towards the 
air space were computed from the known optical properties of the glass and coating 
layers. The structure of the coatings and properties of the coated glasses are set out in 
accompanying Tables 1 and 2. 
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The coatings of the present invention offer important advantages over the prior art. 
Being suitable for a production by pyrolytic methods (which have the added benefit of 
lending themselves to application on-line) they can be obtained in highly durable form, 
reducing the need for special care in handling and processing and opening up the 
possibility of using the coatings in free standing glazing without tiie need to protect them 
within multiple glazing units. In comparison with body tinted glasses, fliey offer the 
advantages of being suitable for production by a more flexible technique (coating) 
applicable without the need to change the composition in the glass melting tank (witii the 
inherent loss of production as the changeover takes place), and avoiding the strong green 
tints observed with the higher perforating body tints. 

Moreover, excellent performances may be achieved, witii glasses having a visible 
light transmission of over 67% providing total solar heat transmission of less tiian 57%. 
In general, the solar control glazings of the present invention will provide a total solar 
heat transmission at least 10% less than die visible light transmission, while glazings 
providing a total solar heat transnussion at least 12% below (at least 15% below when the 
coated glass is used witfi a pane of clear float glass in a double glazing unit) are readily 
achievable and preferred. 

The preferred coated glasses of tiie present invention are glasses wherein the 
coating is such as to exhibit reflection (when viewed from the coated side) and 
transmission (when applied to clear float glass) colours such that (a*^ + b*^)^ is less than 
12, especially less than 10. In especially preferred embodiments, at least one of tiie the 
reflection and/or (preferably and) transmission colours is such that (a*^ 4- b*^)^ is less 
than 7. 
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Qaims 

1. A high perfomiance solar control coated glass comprising a glass substrate with a 
coating comprising a heat absorbing layer and a low emissivity layer of a metal 
compound. 

2. A coated glass according to claim 1 wherein the heat absorbing layer of the coating 
absorbs preferentially at wavelengths above 700 nm. 

3. A coated glass according to claim 1 wherein the heat absorbing layer of the coating 
is a metal oxide layer. 

4. A coated glass according to claim 1 wherein tiie heat absorbing layer of the coating 
is a tungsten oxide layer containing less tiian the stoichiometric amount of oxygen. 

5. A coated glass according to any of claims 1 to 4 wherein the heat absorbing layer of 
the coating is of tungsten oxide doped with hydrogen. 

6. A coated glass according to any of claims 1 to 5 wherein the heat absorbing layer of 
the coating is of tungsten oxide doped with alkali metal. 

7. A coated glass according to any of claims 1 to 5 wherein the heat absorbing layer of 
the coating is of chromium oxide, cobalt oxide, iron oxide, molybdenum oxide, 
niobium oxide, vanadium oxide or mixture thereof. 



8. 



A coaled glass according to any of the preceding claims wherein the heat absorbing 
layer of the coating has a thickness in the range 50 to 500 nm. 
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9. A coated glass according to any of the preceding claims wherein the heat absorbing 
layer of the coating has a thickness in the range 80 to 200 nm* 

10. A coated glass according to any of the preceding claims having an emissivity of less 
than 0.4 

1 L A coated glass according to claim 10 having an emissivity of less than 0.2. 

12. A coated glass according to any of the preceding claims in which the low emissivity 
layer is of semiconductor metal oxide. 

13. A coated glass according to claim 12 wherein the semiconductor metal oxide is 
doped tin oxide or doped indium oxide. 

14. A coated glass according to claim 12 or claim 13 wherein the low emissivity layer 
has a thickness in the range lOOnm to 600 nm. 

15. A coated glass according to claim 14 wherein the low emissivity layer has a 
thickness in the range 200 nm to 500 nm. 

16. A coated glass according to any of the preceding claims in which the low emissivity 
layer of the coating overlies the heat absorbing layer. 

17. A coated glass according to claim 16 in which the coating additionally comprises an 
iridescence suppressing layer or layers under the heat absorbing layer. 

18. A coated glass according to any of the preceding claims exhibiting a total solar heat 
transmission at least 10% less than its visible light transmission. 
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19. A coated glass according to claim 18 exhibiting a visible light transmission of over 
67% and a total solar heat transmission of less than 57%. 

20. A coated glass according to any of the preceding daims wherein the coatingis such 
as to exhibit reflection (when viewed from the coated side) and/or transmission 
(when applied to clear float glass) colours which are each such that (a*^ + b*^)'* is 
less than 12. 

21. A coated glass according to claim 20 wherein the coating is such as to exhibit a 
reflection (when viewed from the coated side) and/or a transmission (when applied 
to clear float glass) colour such that (a*^ + b*^)** is less than 7. 

22. A high performance solar control coated glass comprising a glass substrate and a 
coating comprising a heat absorbing layer and a low enussivity layer substantially as 
hereinbefore described Witfi reference to any one of Examples 1 to 9. 

23. A multiple glazing unit comprising a pane of coated glass as claimed in any of tiie 
preceding claims in spaced parallel relationship with a second glazing pane. 

24. A multiple glazing unit as claimed in claim 23 exhibiting a total solar heat 
transmission at least 15% less than its visible light transmission. 



25. 



A multiple glazing unit comprising a pane of high performance solar control glass 
substantially as hereinbefore described with reference to any one of Examples 1 to 
9. 
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